preferred over homogenous acids due to ease of product separation and catalyst recovery. Apart from their prominence in separation and purification of products, ion exchange resins have been used as catalyst for esterification/hydrolysis reactions [2, 3] , phenol alkylation and hydration of olefins [4] .
The reaction kinetics and chemical equilibrium of the reversible esterification of methanol with acetic acid were investigated by Popken et al. [5] , and Han et al. [6] . The reaction was catalyzed both homogeneously by acetic acid itself and heterogeneously by an acidic ion-exchange resin (Amberlyst-15). New phenomenon of in-situ coating by the reactant/product on ion exchange resin catalyst, Amberlyst-15, that helps to improve the reaction kinetics of dicyclopentadiene (DCPD) hydration has been reported by Talwalkar et al. [7] . The aza-Michael reactions of amines with unsaturated carbonyl and nitrile compounds have efficiently been carried out at room temperature using Amberlyst-15 as a heterogeneous reusable catalyst. The products were formed in short reaction times and in high yields [8] . The catalyst Amberlyst-15, is commercially available, inexpensive and nonhazardous. It works under heterogenous conditions, can easily be handled and removed by simple filtration [8] . There is growing research using amberlyst-15 catalyst for esterification reactions [5, [9] [10] [11] but not much work is reported on hydrolysis reaction.
Recovery of ethyl acetate from dilute aqueous process waste streams commonly found in the specialty chemicals and pharmaceutical industry may be handled by pervaporation or hydrolysis. In case of hydrolysis, recovered acetic acid can be reused in the process.
The aim of the present study was to investigate the applicability of the macro porous cation exchange resin (Amberlyst 15 in acid form) for the hydrolysis reaction and to examine the effects of flow rate, temperature, and catalyst loading on the reaction rate.
Materials and Methods

Materials used
Reagent grade Ethyl Acetate (98%) from Qualigens Fine chemicals Ltd and double distilled water have been used in all the experimental runs. Amberlyst-15 supplied by Rohm and Haas was used as catalyst and its relevant characteristics are summarized in Table 1 .
Experimental Setup
The fluid solid catalytic reaction was carried out in a continuous flow laboratory scale packed bed reactor at atmospheric pressure ( Figure 1) . A double walled Borosil glass tube (length 70 cm, outer diameter 4.4 cm, inner diameter 2.2 cm) was maintained at constant temperature by circulating water from the constant temperature bath (Julabo F30) through the annulus of the reactor. The temperature was controlled to within ± 0.1 o C. A known amount of fresh/regenerated catalyst in acid form was packed into the reactor supported on a stainless steel mesh. A simple pretreatment was used to convert the catalyst into acid form. At first catalyst was washed with distilled water three to four times and dried at atmospheric conditions. The dried catalyst was soaked in 0.1N hydrochloric acid solution for half an hour. Thereafter the catalyst was separated and dried at ambient conditions for 48 hrs.
Procedure
The aqueous ethyl acetate solution from the feed tank was first heated to the desired reaction temperature by passing it through a coiled heat exchanger. The feed solution was uniformly dispersed on the top surface of the catalyst bed at the desired flow rate using valve FC ( Figure 1 ). The volumetric flow rate of the feed was periodically calibrated with pure water. The reaction temperature was regulated to within ± 0.1 o C by circulating thermostatic water through the reactor jacket. A precision digital thermometer measured the reactant temperature to an accuracy of ± 0.01 o C. Once a steady state was attained, the product was collected in a sampling flask. The amount of acetic acid in the sample was analyzed with 0.1N standard solution of NaOH. At least five replicated samples were taken under each of the experimental conditions and reproducibility was within ± 2%. The conversion of ethyl acetate was calculated from the stoichiometry of the reaction. A complete conversion curve was obtained by conducting the experiment with various flow rates. Each set of experiment was carried out using fresh/regenerated catalyst. Experimental runs were carried out at different feed flow rate, reaction temperature, feed solution concentration and catalyst loading. For each run, only one parameter was varied at a time.
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Results and Discussion
The kinetics of hydrolysis of ethyl acetate was studied at temperatures from 313.15 to 343.15 K with four different molar feed ratios (θBo = 265.88,130.226, 85.115, 62.4, where θBo is the molar ratio of water to ethyl acetate ). All the experiments were carried out with various volumetric flow rates of feed (F) at fixed conditions of reaction temperature and feed composition. The contact time (τ) of the reactants with catalyst is defined as :
A wide range of volumetric flow rates of the feed was covered in the experiments for which conversion of ethyl acetate (XA) varied from 0.112 to 0.877. Results of the hydrolysis measurement are tabulated in Table 2 . Figure 2 presents the variation of XA with contact time for the hydrolysis reaction taking place at θBO = 265.88, W= 64 g, over a temperature range of 313.15 to 343.15 K. It shows that the conversion of ethyl acetate increases with increase in reaction temperature. Figure 3 illustrates the variation in conversion with contact time at 323 K under different feed compositions. At a given contact time, greater conversions are achieved at higher θBO .
By visual inspection, gas bubbles were formed at temperature greater then 343.15 K. To investigate the influence of the transport resistance by film diffusion or pore diffusion, experiments were also carried at different catalyst loadings (20 g, 40 g, 64 g). indicating that all experimental points fall on the same curve. Thus the effect of film and pore diffusion appear to be negligible at present experimental conditions [3, 13] . Figure 5 illustrates the effect of flow rate on conversion (XA) at 313 K at θBo= 265.88. Experiments were carried out using volumetric feed flow rates (F) in the range of 1 to 20 cm 3 /min at different molar feed ratios θBo. From Figure 5 it is observed that as flow rate increases conversion of ethyl acetate decreases.
Correlation of kinetic data :
The kinetic data were correlated with mass balance equation for ethyl acetate around the entire packed bed reactor by:
The rate expression for -rA depends on the assumption of the reaction mechanism. The basic reaction stoichiometry involved in hydrolysis of ethyl acetate is :
CH3COOC2H5 (A) + H2O (B) ↔ CH3COOH (C) + C2H5OH (D)
In the present study, the initial concentration of ethyl acetate (CAo) was varied from 2 to 8 % (v/ v). Since, water being in large excess, a pseudo first order irreversible kinetic model was assumed to represent the data. The rate equation (-rA) for the pseudo-first order formalism is :
Where k is the pseudo first order rate constant based on the weight of the catalyst. Integration of Equation (2) with pseudo first order reaction rate, -rA,( Eq, (3)) yields: (4) where, , 4(1), 2009, Table 2 . Range of experimental parameters observed during hydrolysis of aqueous ethyl acetate using Amberlyst-15 as catalyst
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The kinetic data was fitted to Equation (4) using least square regression technique (NelderMead algorithm) and the model parameters, Eo and ko were evaluated. The total number of data points used in parameter estimation were 108. The results of the data correlation yielded the following:
• Activation EnergyE0 = 41140 J/mole -1 • Arrhenius pre-exponential factor k0 = 5.247 x10 6 cm 6 g -1 mole -1 min -1 • a correlation coefficient R 2 = 0.99 .
Using these model parameters, parity between observed ( experimental) values of and the values based on pseudo first order kinetic model ( Equation (4)) is shown in Figure 6 . The model explains the present experimental data to within ± 10% with MRQE value of 0.033. Based on pseudo first order model , rate constant, at various temperatures were obtained at different feed concentration and are tabulated in Table  3 . From this table, constant values of rate constant are observed, within the accuracy of experimental data; for different feed concentrations at all temperatures. 
Conclusions
The kinetic behavior of the hydrolysis of ethyl acetate in presence of large excess of water over Amberlyst-15 (in acid form) has been studied experimentally over reaction temperature from 313.15 to 343.15 K and molar ratios of feed (θBo) from 62.4 to 265.88. Under the investigated conditions, the absence of mass transfer resistance was verified experimentally. Pseudo first order kinetic model has been applied to correlate the kinetic data of the liquid solid reaction. The hydrolysis reaction is well represented by: 
